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Influence of suspended particle size and composition on particle image processing, 
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Study Site: York River Estuary, VA, U.S.A 
West Point 
ETM 
 2014 Survey Stations 
 2016 Survey Stations 






















A. LISST 100-X Type B and Type C Particle Volume Distributions 
B. Example Merged Volume Distribution Sample T5714 
1 10 100 1000
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ρa = ρp 
dp 
























 1. Slope of log-log 
relationship between Δρ 
and df determines F.  
Δρ = ρp- ρw 
Δρ ≈ df(F-3) 
2. Δρ and a series 
of possible ρp 
values produces 
possible ρa curves 
4. TSSF = TSS (pump) 
determines final  
dp & ρp pair  
 
TSSF = Σ ρai*VCi 
Sum over 
i bins 
3. ρa and measured PSD  



































		 S	 U	 log(TSS)	 forg	 log(d50v)	 log(ρa_bulk)	
		 [ppt]		 [m/s]	 [mg/L]	 		 [μm]	 [kg/m3]	
S	 		 7.61E-02	 -0.264	 0.0124	 -0.0055	 0.0269	
[PPT]		
		 0.553	 0.0349	 0.922	 0.966	 0.833	
U	 7.61E-02	 		 0.614	 -0.378	 0.259	 -0.313	
[m/s]	 0.553	 		 6.97E-08	 2.07E-03	 0.0385	 0.0118	
log(TSS)	 -0.264	 0.614	 		 -0.460	 0.572	 -0.438	
[mg/L]	 0.0349	 6.97E-08	 		 1.15E-04	 6.29E-07	 2.65E-04	
forg	 0.0124	 -0.378	 -0.460	 		 -0.596	 0.710	
		 0.922	 2.07E-03	 1.15E-04	 		 1.64E-07	 3.67E-11	
log(d50v)	 -0.0055	 0.259	 0.572	 -0.596	 		 -0.745	
[μm]	 0.966	 0.0385	 6.29E-07	 1.64E-07	 		 1.14E-12	
log(ρa_bulk)	 0.0269	 -0.313	 -0.438	 0.710	 -0.745	 		
























A. TSS vs. Salinity
r = -0.264,  p = 0.035
0 20 40 60












B. TSS vs. Current Speed














C. d50v vs. TSS
















D. Fraction Organic vs. TSS



















E. a_bulk vs. TSS
r = -0.438,  p = 2.65e-04













F. d50v vs. Fraction Organic
r = -0.596,  p = 1.64e-07


















G. a_bulk vs. Fraction Organic
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 a_bulk vs. d50v




























B. Particle Excess Density versus Size 





D. Bin-averaged Excess Density versus Size 



















C. Bin-averaged Settling Velocity versus Size 
20 100 1000 
5 
0.1 







Fmacro≈2.05  +/-  0.1 Fmicro≈ 2.55 +/- 0.01  
Floc diameter, df [µm] Floc diameter, df [µm] 

















































d50v:   o  = 20 mm 

















































1000 1 10 0 
Floc diameter, df [µm] 
Fmacro≈ 2.23 +/- 0.2 
Fmicro≈ 2.55 +/- 0.02  
Fmicro &  F macro Only  Fmicro 
ρp= 2112 kg/m3 +/- 12 
dp = 0.6 µm +/- 0.1 
ρp= 2107 kg/m3 +/- 13 





































Type 1: Low TSS, High forg (ρtss≈1712 kg/m3 +/- 105) 
A. 
















Floc diameter, df [µm] 
Fmacro ≈ 1.22 +/- 0.2 
Fmicro≈ 2.62 +/- 0.04  
Fmicro &  F macro Only  Fmicro 
ρp= 1547 kg/m3 +/- 30 
dp=2.0 µm +/- 0.2 
ρp= 1573 kg/m3 +/- 26 
dp=1.7 µm +/- 0.2 
dp 









































[mg/L]	 [kg/m3]	 [kg/m3]	 [μm]	
Type	1	 14	±	4	 0.3	 1712	±	105	 2.62	±	0.04	 1.27	±	0.06	 1547	±	30	 2.0	±	0.2	












Δρ_200µm	 ρa_200µm	 Δρ_60µm	 ρa_60µm	
[kg/m3]	 [kg/m3]	 [kg/m3]	 [kg/m3]	
Type	1	 51	±	6	 149	±	16	 145	±	5	 421	±	14	











































Floc diameter, df [µm] Floc diameter, df [µm] 
ρp= 1954 kg/m3 +/-  138 





Station 5442. (ρtss≈ 1938 kg/m3, forg=0.23) 

































500 1 10 100 










ρp= 1906 kg/m3 +/-  204 
dp=5.6 µm +/- 0.5 
Fmicro ≈ 1.91 +/- 0.06  
D. 
dp 500 1 10 100 







































3]	 [μm]	 [kg/m3]	 [kg/m3]	
forg	 -0.596	 0.367	 -0.0225	 0.461	 0.276	
		 5.57E-03	 0.111	 0.925	 0.041	 0.239	
log(TSS)	 0.344	 -0.267	 0.0337	 -0.156	 -0.0674	























A. p vs. Fraction Organic
r = -0.596,  p = 5.57e-03











B. dp vs. Fraction Organic
r = 0.367,  p = 0.111











C. Fmicro vs. Fraction Organic
r = -0.022,  p = 0.925


















D. a (df = 60 m) vs. Fraction Organic
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		 	 	 	 	 	 	 Eqn.	8a.	






















































































𝐾! = 1.18 𝑎! + 0.171 𝑎𝑏
!
!		 	 	 	 	 	 Eqn.	11a	
𝑏 = 0.20 𝑐ℎ𝑙 𝑎!.!"# + 0.10 (𝑂𝑆𝑆!"# + 𝐼𝑆𝑆!"#)!.!"		 	 	 Eqn.	11b	
𝑎 = 0.16 + 0.01 𝑐ℎ𝑙 𝑎 + 0.021 (2 𝑂𝑆𝑆!"# + 𝐼𝑆𝑆!"#)!.!" + 𝑎!"#$	 Eqn.	11c	


















































































































































































































































































































































































































































































































































































































 2014 Survey Stations 
 2015 Survey Stations 
 2016 Survey Stations 
 2014-16  Anchor Stations 
VECOS Shoal Survey Stations 












Pump	Sampler YSI LISST-100X TRIOS LICOR VECOS	
CONMON
9/17/14 Survey slack TSS,OSS T,S,Turbidity AC,	d50a,	b,	ρapp ✕ Kd chl	a
9/18/14 Survey slack TSS,	OSS T,S,Turbidity AC,	d50a,	b,	ρapp ✕ Kd chl	a
9/29/14 Anchor	(LY) flood TSS,OSS T,S,Turbidity AC,	d50a,	b,	ρapp ✕ Kd chl	a
10/1/14 Anchor	(MY) flood TSS,OSS T,S,Turbidity AC,	d50a,	b,	ρapp ✕ Kd
12/4/14 Anchor	(MY) ebb TSS,OSS,chla T,S,Turbidity AC,	d50a,	b,	ρapp ✕ Kd
8/24/15 Survey ebb TSS,OSS,	CDOM ✕ AC,	d50a,	b,	ρapp Kd Kd T,S,chl	a
8/25/15 Anchor	(LY) ebb TSS,OSS,	CDOM ✕ AC,	d50a,	b,	ρapp Kd Kd T,S,chl	a
8/26/15 Anchor	(MY) ebb TSS,OSS,	CDOM ✕ AC,	d50a,	b,	ρapp Kd Kd T,S,chl	a
8/27/15 Survey ebb TSS,OSS,	CDOM ✕ AC,	d50a,	b,	ρapp Kd Kd T,S,chl	a
10/26/15 Anchor ebb TSS,OSS,	CDOM T,S,Turbidity,chl	a AC,	d50a,	b,	ρapp Kd Kd
4/13/16 Anchor	(MY) flood TSS,OSS,	CDOM T,S,Turbidity,chl	a AC,	d50a,	b,	ρapp Kd Kd
4/14/16 Survey ebb TSS,OSS,	CDOM T,S,Turbidity,chl	a AC,	d50a,	b,	ρapp Kd Kd
4/15/16 Survey ebb TSS,OSS,	CDOM T,S,Turbidity,chl	a AC,	d50a,	b,	ρapp Kd Kd
6/6/16 Survey flood TSS,OSS T,S,Turbidity,chl	a AC,	d50a,	b,	ρapp Kd Kd
6/7/16 Anchor	(MY) flood TSS,OSS T,S,Turbidity,chl	a AC,	d50a,	b,	ρapp Kd Kd
6/10/16 Survey ebb TSS,OSS T,S,Turbidity,chl	a AC,	d50a,	b,	ρapp Kd Kd
9/1/16 Anchor	(MY) flood TSS,OSS,	CDOM T,S,Turbidity,chl	a AC,	d50a,	b,	ρapp Kd Kd
9/2/16 Survey flood TSS,OSS,	CDOM T,S,Turbidity,chl	a AC,	d50a,	b,	ρapp Kd Kd
9/7/16 Survey ebb TSS,OSS,	CDOM T,S,Turbidity,chl	a AC,	d50a,	b,	ρapp Kd Kd























A. B. C. 










































































B. b*NAP vs. TSSNAP
~TSS0.38 +/-0.06
10-1 100













C. b*NAP vs. 1/( a_bulk x d50a)
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+ b OSS 
+ b ISS 
A. Scattering b  

















b alg  
b ISS 
b OSS 
0.5 1 1.5 2


















































































B. Absorption a 
+ a alg 
+ a OSS 
+ a ISS 
+ a CDOM 
a w 
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	 Imax	=	α	(d)m	 	 	 	 	 	 	 	 Eqn.	5a	












































































































































































































































































































































































































































































































































































































































































































































































































































































B. Binary Results With Global Threshold 
1 mm 

















































































































































































A. Particle Imaging Camera System (PICS) B. PICS LED Light Source 




Laser Light Sheet ≈1 mm 
thick 
		
Camera &  
Lighting 
1-meter  
















A. Image Processing, Particle Vetting Algorithm 
Candidate Particle 
Properties 
1. Image Processing: Identify Candidate Particles 
Grayscale Image From Camera (I) 
Global Threshold  
Identify  and measure 
candidate particles. 
2. Particle Vetting: Remove Out of Focus Particles 
Grayscale Image From Camera (I) 
Edge Detection  
Calculate Particle Metrics 
(L90 and PoP) 
Particle Vetting 
IN-FOCUS=L90 >L90T and PoP>PoPT 
Process for ws and Δρ  
 (Smith and Friedrichs, 2011; 2015). 
B. Calculation of local threshold T(x,y) for pixel (x,y) 
I(x,y): intensity at pixel (x,y) 
α,β: Size of local region (neighborhood size) 
µ: mean I within local region 
σ: std. deviation of I within local region  
Threshold for pixel I(x,y): 
I(x,y-β) 
I(x,y+β) I(x+α,y+β) I(x-α,y+β) 
I(x+α,y-β) I(x-α,y-β) 
I(x-α,y) I(x+α,y) I(x,y) 
µ=Mean I of local region, σ= Std. deviation I of  local region  
Simplified schematic illustrating 
calculation of local thresholds (TI(x,y)) 
Image I 




I( x ,y )−µ( )
2
2σ 2








Local Threshold  
























 E. Particle Metrics, L90T=0.07, PoPT=10; 
Particle	 L90	 PoP	 d	(mm)	 Accepted	
1	 0.01	 0	 0.180	 no	
2	 0.13	 152	 0.291	 yes	
3	 0.13	 75	 0.114	 yes	
4	 0.18	 67	 0.063	 yes	
5	 0.15	 30	 0.047	 yes	
6	 0.008	 0	 0.132	 no	
7	 0.17	 140	 0.234	 yes	
8	 0.03	 7.7	 0.108	 no	
9	 0.23	 40	 0.039	 yes	
10	 0.19	 141	 0.201	 yes	












C. Laplacian Filter of Image 











A. Grayscale Image 
Pixel Intensity 









1 mm 1 mm 

























A. Max. Intensity versus Size (IMAX= d
m)
























Simulation	Case	 #	of	Frames	 Np	 α	 m	 β	 n	 d50v,	µm	 σ	










Similar	I:	Unimodal	 100	 200	 200	 0.05	 50	 0.01	 200	 0.3	





















































































































































Sample	ID	 ρs,	kg/m3	 Δρ,	kg/m3	 d50N	(mm)	 ws	,	mm/s	 Rep	
Polyethylene	Microspheres	 	 	  
90-106	μm,	
1.05	g/cm3	 1050	+/-	30	 53	+/-	30	 0.101	+/-	0.01	 0.31	+/-	0.04	 0.03	+/-0.01	
90-106	μm,	
1.10	g/cm3	 1100	+/-	30	 103	+/-	30	 0.101	+/-	0.01	 0.57	+/-0.1	 0.06	+/-0.01	
150-180	μm,	
1.10	g/cm3	 1100	+/-	30	 103	+/-	30	 0.156	+/-	0.01	 1.5	+/-	0.1	 0.25	+/-	0.03	
300-355	μm,	
1.25	g/cm3	 1250	+/-	50	 253	+/-	50	 0.312	+/-	0.03	 11	+/-	1	 3.5	+/-	0.4	
850-1000	μm,	
1.35	g/cm3	 1350	+/-	50	 353	+/-	50	 0.943	+/-	0.09	 56	+/-	6	 58	+/-	6	
NyloTex	Wax		 	  
500-800	µm,	










B. PE Spheres 90-106 µm, ρs=1.10 g/cm3 A. PE Spheres 90-106 µm, ρs=1.05g/cm3 C.  PE Spheres 150-180 µm, ρs=1.10 g/cm3 
D. PE Spheres 300-355 µm, ρs=1.25 g/cm3 E. PE Spheres 850-1000 µm, ρs=1.35 g/cm







A.  Deployment Frame 
B.  Camera + Light Source 
C.  Settling column (1-meter long) 
D.  Lower Introduction Valve 
E.  Upper Introduction Valve 
F.  Removable column extension (1-meter long) 
G.  Communication/Power Cable 
H.  Electronics + Strobe Controller 


























































Sample Microscope LED	PICS Laser	PICS LISST	or	 Mean,	all	but	
























































































































































































































































 1010 kg/m 3
0.25  0.03




 1350 kg/m 3







































































































































1.05	g/cm3	 0.03	+/-	0.01	 -	0.13	+/-	0.36	 -	0.14	+/-	0.36	 -0.14	+/-	0.35	 -	0.21	+/-	0.33	
90-106	µm,	
1.10	g/cm3	
0.06	+/-	0.01	 0.04	+/-	0.16	 0.03	+/-	0.16	 0.02	+/-	0.15	 -	0.05	+/-	0.14	
150-180	µm,	
1.10	g/cm3	 0.25	+/-0.03	 0.10	+/-0.11	 0.03	+/-	0.10	 0.02	+/-	0.10	 -	0.02	+/-	0.09	
300-355	µm,	
1.25	g/cm3	 3.5	+/-	0.4	 0.65	+/-	0.36	 0.02	+/-	0.20	 0.20+/-0.24	 0.26	+/-	0.26	
850-1000	µm,	
1.35g/cm3	
58	+/-	6	 2.89	+/-	0.41	 -	0.43	+/-	0.06	 0.11	+/-	0.11	 -	0.02	+/-	0.10	
NyloTex	Wax	
500-800	µm,	































0.03	+/-	0.01	 0.15	+/-	0.45	 0.16	+/-	0.45	 0.17	+/-0.45	 0.27	+/-0.49	
90-106	µm,	
1.10	g/cm3	
0.06	+/-	0.01	 -	0.04	+/-	0.15	 -	0.03	+/-0.15	 -	0.02	+/-	0.15	 0.06	+/-	0.16	
150-180	µm,	
1.10	g/cm3	 0.25	+/-0.03	 -	0.09	+/-0.09	 -	0.03	+/-0.1	 -	0.02	+/-	0.1	 0.02	+/-	0.1	
300-355	µm,	
1.25	g/cm3	 3.5	+/-	0.4	 -	0.39	+/-	0.14	 -	0.03	+/-	0.29	 -	0.19	+/-	0.20	 -	0.23	+/-	0.19	
850-1000	µm,	
1.35g/cm3	
58	+/-	6	 -	0.74	+/-	0.03	 1.92	+/-	0.56	 -	0.14	+/-	0.13	 0.03	+/-0.18	
NyloTex	Wax	
500-800	µm,	























































Sample	 δd	 δws	 δΔρ	
90-106	μm,	1.05	g/cm3	 0.1	 0.3	 0.45	
90-106	μm,	1.10	g/cm3	 0.04	 0.1	 0.15	
150-180	μm,	1.10	g/cm3	 0.1	 0.2	 0.10	
300-355	μm,	1.25	g/cm3	 0.1	 0.2	 0.20	
850-1000	μm,	1.35	g/cm3	 0.02	 0.1	 0.13	
 
 
  
 
 213	
  
Figure	22:	Contours	of	predicted	uncertainties	in	Δρ	(δΔρm)	inferred	using	the	Schiller-Naumann	
approximation	and	PICS	measured	d	and	ws.	δΔρm	were	estimated	using	error	propagation	
theory	(Taylor,	1997).		Measured	uncertainties	(δΔρ)	are	noted	in	red.	
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Chapter	5:	Summary,	Conclusions	and	Future	Work	
1. Summary	and	Key	Conclusions	
This	dissertation	used	a	combination	of	state-of-the-art	optical	instrumentation	with	
sophisticated	transmissometers,	a	newly	developed	high-definition	particle	imaging	camera	
system	(PICS),	irradiance	meters,	and	laboratory	analysis	techniques	to	investigate	(1)	the	fractal	
nature	of	flocs	suspended	in	estuarine	surface	waters	that	are	composed	of	varying	amounts	of	
organic	content	and	(2)	determine	relationships	between	estuarine	light	attenuation,	absorption	
and	scattering	and	flocs	along	with	other	water	column	constituents.	Observations	of	near	
surface	floc	characteristics,	water	quality	parameters	and	optical	properties	were	collected	
along	of	the	York	River	estuary,	VA,	a	major	tidal	tributary	of	the	lower	Chesapeake	Bay.	Key	
conclusions	are	presented	in	the	following	paragraphs.	
By	combining	observations	collected	with	the	PICS,	Laser	In-Situ	Scattering	and	
Transmissometry	(LISST-100X)	instrument,	and	pump	sampling,	this	dissertation	presented	a	
new	approach	to	simultaneously	solve	for	floc	fractal	characteristics	(e.g.	fractal	dimension	(F),	
primary	particle	size	(dp),	and	primary	particle	density	(ρp)),	and	identify	whether	simple	fractal	
models	are	appropriate.	An	advantage	of	video	settling	columns	is	their	ability	to	measure	floc	
size	and	settling	velocity	concurrently,	which	provides	a	way	to	estimate	floc	excess	density	(Δρ)	
and	develop	a	fractal	model	to	describe	a	given	suspension.	The	key	components	are	(i)	fitting	a	
simple	fractal	model	to	video-based	(PICS)	observations	of	Δρ	as	a	function	of	size	(df)	and	(ii)	
ensuring	the	integrated	LISST-PICS	particle	size	distribution	(PSD)	is	consistent	with	
measurements	of	bulk	apparent	density	(ρa).	This	technique	avoids	the	need	to	unrealistically	
assume	constant	values	for	dp	or	ρp	a	priori,	reduces	reliance	on	unconstrained,	highly	variable	
values	for	F,	and	better	identifies	when	simple	fractal	models	are	appropriate.	The	least	
constrained	component	of	simple	fractal	models	is	dp.	Fractal	dimension,	F,	can	be	directly	
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measured	by	video	settling	tubes	(although	further	decreases	in	pixel	size	are	desired),	and	ρp	
can	be	constrained	by	filtering	water	samples.  
Bulk	organic	fraction	was	observed	to	be	an	important	control	on	fractal	primary	particle	
size	and	density	(dp,	ρp)	and	on	bulk	floc	properties.	Results	suggest	that	primary	particles	are	
tightly	bound	aggregates	of	relatively	larger	organic	matter	fragments	combined	with	smaller	
clay	plates	and	that	as	fraction	organic	content	increases,	organic	matter	is	more	likely	to	
completely	“fill	in”	the	framework	of	progressively	larger	inorganic	floccules,	leading	to	larger	
primary	particle	size,	dp.	Smaller,	more	organic	flocs	suspended	at	low	TSS	were	also	
characterized	by	a	higher	bulk	apparent	density	(ρa_bulk)	compared	to	flocs	suspended	at	higher	
TSS.	At	high	TSS,	suspensions	were	dominated	with	larger,	mostly	inorganic	solids,	with	lower	
bulk	apparent	density.	In	contrast	with	ρa_bulk,	floc	excess	density	(Δρ)	was	not	sensitive	to	forg.	
This	is	suspected	to	be	attributed	to	the	nature	of	how	organic	and	inorganic	flocs	are	packaged.	
For	more	organic	flocs,	larger	primary	particles	displace	more	water	as	they	combine.	This	
displacement	of	water	leads	to	an	increase	in	total	mass	as	determined	with	filtration.	A	portion	
of	the	space	containing	only	water	in	inorganic	flocs	would	now	contain	organics	in	organic	
flocs,	and	this	mass	of	organic	solids	would	be	accounted	for	on	TSS	filters.	This	is	consistent	
with	a	higher	ρa_bulk	with	no	obvious	change	in	floc	Δρ.		
Trends	in	scattering	(b)	and	absorption	(a)	in	the	York	were	not	simply	explained	by	total	
suspended	solid	concentration,	alone,	but	were	related	to	the	nature	of	the	flocs	in	the	system,	
particular	the	trends	in	ρa_bulk,	as	described	above.	In	the	York,	as	TSS	increases,	lower	density	
flocs	increasingly	dominate	(Chapter	2).	As	ρapp	dramatically	decreases,	scattering	(b)	increases	
more	quickly	than	TSS	(Chapter	3).	This	is	a	new	insight	on	how	flocs	scatter	light,	particularly	
that	scattering	by	flocs	is	not	always	explained	by	theoretical	fractal	packaging	(e.g.	Bowers	et	
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al.,	2017).	Organic	solids	in	the	York	absorb	about	twice	as	much	light	per	mass	than	inorganic	
solids	so	particulate	absorption	increased	more	slowly	than	TSS	(Chapter	3)	because	the	fraction	
of	OSS	decreases	with	increasing	TSS	(Chapter	2).	In	addition,	larger,	mainly	inorganic	flocs	
contain	much	more	water	and	thus	have	a	lower	ρa_bulk.	This	may	result	in	the	flocs	being	less	
opaque	to	light,	further	decreasing	absorption	by	larger	flocs.	
Though	high	variability	in	particle	and	water	quality	parameters	was	observed	on	a	
sample-by-sample	case,	general	patterns	regarding	their	influences	on	diffuse	light	attenuation	
(Kd)	along	the	York	were	determined.	On	average,	total	scattering	is	dominated	by	non-algal	
inorganic	solids	(ISSNAP)	at	all	TSS	above	~5	mg/L.	For	TSS	up	to	~25	mg/L,	CDOM	plus	water	
produce	>	60%	of	absorption,	and	ISSNAP	accounts	for	<	20%.	Total	scattering	is	dominated	by	
ISSNAP	at	all	TSS	above	~5	mg/L.	At	low	TSS,	the	influence	of	non-algal	organic	solids	(OSSNAP),	
ISSNAP,	phytoplankton,	and	CDOM	on	Kd	qualitatively	mirror	the	contributions	for	absorption	(a).	
Unlike	a,	however,	Kd	is	more	strongly	influenced	by	ISS	at	high	TSS	from	the	influence	of	
scattering,	At	TSS	≈	15	mg/L,	which	is	near	the	critical	value	for	SAV	survival	(Kemp	et	al.,	2004),	
ISSNAP	is	responsible	for	only	about	1/3	of	total	Kd,	a	fraction	that	is	less	than	the	combined	
contributions	of	OSSNAP	and	phytoplankton.	The	importance	of	phytoplankton	and	other	OSS	to	
Kd,	along	with	the	relative	insensitivity	of	Kd	to	riverine	input	of	sediment	into	the	York,	suggests	
that	management	efforts	focused	on	nutrient	reduction	may	be	most	effective	for	improving	
clarity	conditions	relevant	to	SAV.	
In	an	effort	to	improve	future	data	quality	in	future	field	efforts,	a	new	algorithm	for	
processing	video-settling	column	data	for	identifying	and	sizing	flocs	with	low	visual	contrast	
was	introduced	and	validated.	This	project	was	a	novel	opportunity	to	take	advantage	of	the	
cutting-edge	Particle	Imaging	Camera	System	(PICS)	to	accurately	characterize	the	size,	settling	
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velocity,	and	density	of	estuarine	surface	flocs.	Even	with	PICS’s	advance	processing	algorithm	
(Smith	and	Friedrichs,	2011;	2015),	flocs	were	still	difficult	to	characterize.	A	major	challenge	in	
processing	particle	images	is	correctly	identifying	and	sizing	particles	of	varying	composition	and	
size,	while	correctly	separating	well-illuminated	and	in-focus	particles	from	poorly	illuminated	
and	out-of-focus	particles.	This	was	found	to	be	especially	true	for	samples	collected	near	the	
surface	of	the	York.	The	new	automated	algorithm	efficiently	identifies	and	sizes	both	large	and	
small	particles	of	varying	brightness,	while	rejecting	out-of-focus	objects.	Laboratory	settling	
experiments	with	the	PICS	with	manufactured	spheres	and	natural	mud	aggregates	were	used	
to	validate	video-based	measurements	of	size,	settling	velocity,	and	density.	Measurement	
uncertainties	associated	with	random	error	(i.e.	precision)	were	reasonable:	1%-10%	for	
diameter,	10%-35%	for	settling	velocity,	and	10-45%	for	effective	density.		
2. Recommendations	for	Future	Work	
This	dissertation	represented	an	initial	effort	for	investigating	the	influence	of	suspended	
floc	size	and	composition	on	resulting	estuarine	optical	properties.	Future	observations	will	
benefit	from	modifications	to	the	sampling	and	processing	methods.	To	better	understand	the	
controls	on	water	clarity	in	regions	of	concern	(e.g.	SAV	habitats),	more	observations	are	
needed	at	low	TSS	concentrations.		
The	approach	to	determine	fractal	properties	(Chapter	2)	assumed	PICS	fractal	models	
extended	to	flocs	smaller	than	the	PICS’s	lower	particle	size	resolution	limit,	which	may	not	be	
realistic.	Though	the	new	PICS	algorithm	was	more	efficient	at	resolving	smaller	flocs	(Chapter	
4),	the	current	PICS	system	is	still	limited	systematically	to	30	microns.	We	hope	to	modify	the	
current	PICS	system	and	develop	a	dual	microscopy-camera	based	PICS	system	that	will	be	able	
to	measure	particle	size,	settling	velocity	and	density	over	a	more	complete	range	of	floc	sizes,	
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namely	df	=5-2000	μm,	and	that	this	will	better	constrain	our	understanding	of	fractal	properties	
of	small	flocs.	Also,	although	the	PICS	was	relatively	accurate	in	determining	the	settling	velocity	
and	density	of	spherical	particles,	an	improved	characterization	of	settling	velocity	and	density	
from	video-based	measurements	of	irregularly	shaped	particles	is	needed.	
A	simple	non-linear	model	for	Kd	(Chapter	3)	derived	from	observations	allowed	us	to	
determine	the	general	patterns	of	the	influences	of	water	quality	parameters	(OSS,	ISS,	chl	a,	
CDOM)	on	a,	b	and	Kd	along	the	York;	but	sample-to-sample	calculations	were	highly	variable,	
and	Kd	and	was	overestimated	low	TSS.	For	low	concentration	samples,	a	greater	volume	of	
water	needs	to	be	collected	and	filtered	in	order	to	reduce	measurement	uncertainty	for	TSS	as	
well	as	the	concentration	of	inorganic	and	organic	solids.	Another	source	of	uncertainty	is	the	
assumption	that	Kirk’s	1994	non-linear	expression	of	Kd	can	be	applied	to	directly	estimate	Kd	
over	PAR.	Future	work	will	involve	combining	observations	from	this	study	with	previously	
published	spectral	formulations	to	derive	a	better	approximation	for	total	absorption	and	thus	
absorption	due	to	flocs.		 	
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